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1 Introduction
In the RAN4 meeting #84, we have achieved an agreement that the TA adjustment delay for sTTI and processing time will be reduced. However, the specific values of the TA adjustment delay for sTTI under single carrier case and the CA case are still undecided. This paper provides more discussion on this topic.
2 Discussion
2.1 TA adjustment delay for shortened TTI under single carrier case
According to TS 36.133, the TA adjustment delay applied to UEs with legacy (1ms) TTI is as follows

“UE shall adjust the timing of its uplink transmission timing at sub-frame n+6 for a timing advance command received in sub-frame n.”
It has been agreed in [1] that 4.33 ms is the UE processing delay from the reception of a timing advance command to the corresponding change of the transmission timing. This UE processing delay consists of (3ms -max TA) of the PDSCH processing time (with maxTA of 0.667ms) and 2ms of the MAC CE decoding/processing time. The legacy TA adjustment delay can be explained by the following equation [2],
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where the additional 1ms is for the PDSCH receiving time.
Based on the proposals from previous RAN4 meetings, companies prefer to further reduce the TA adjustment delay for shortened TTI. Along with this direction, the TA adjustment delay can be modified as the following
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where 
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 represents the TTI length of 1-slot or 2OS. (X-maxTA) represents the processing time for sTTI (1-slot TTI or 2OS TTI). Currently, RAN1 meeting has determined that UE processing time for 1ms TTI is n+3 and for 1-slot TTI is n+4. The processing time for 2OS TTI is still under discussion. 
Proposal #1: The following TA adjustment delays for short TTI are proposed:
	sTTI/processing time reduction scheme
	TA adjustment delay
	Units

	1ms TTI
	n+5 (agreed value)
	Subframe

	1 slot TTI
	n+8
	Slot

	2OS TTI
	[n+X] (X is TBD by RAN1)
	Symbol


2.2 TA adjustment delay for sTTI under the CA case
Following TS 36.302, the TA command is unicasted through PDSCH. In carrier aggregation (CA) case, it is impossible for UE to receive multiple TA command in one subframe. For legacy (1ms) TTI, there is one unique TA adjustment delay of n+6ms. Then under CA case, different TA commands from PCell and SCell should not apply simultaneously.    

One observation under sTTI is that if different TA adjustment delays is allowed for CA case, there is a situation that UE may implement different TA commands from either PCell or SCell simultaneously. Assume that a UE connects with both PCell and SCell. The UE receives TA command with 1m TTI from PCell at time T1, and TA command with 1-slot  TTI from SCell at time T2, where T2= T1+0.5ms (1-slot) as shown in Fig 1.
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Figure 1. The scenario when UE apply two TA commands simultaneously 
Assume that for 1ms TTI the TA adjustment delay is n+5ms, and for 1-slot  (1-slot) TTI the TA adjustment is n+9× (1slot sTTI). As it is illustrated in Fig. 1, UE has to implement two different TA commands in T1 and T2 in the same time of T1+5ms. This is a new scenario caused by using different TA adjustment delays for different TTIs, which cannot occur in legacy LTE. In this case, UE’s behaviour is not defined yet.
In the CA mode, if one unique TA adjustment delay is applied at UE receiver with the TTIs from different serving cells, the scenario shown in Fig. 1 can be avoid, and different TA commands must be implemented in different time slots at UE. Furthermore, it is reasonable to choose the unique TA adjustment delay value to be maximum one of the TA adjustment delays corresponding to the TTIs from different serving cells (PCell and SCells). 
Proposal 2: Under the CA case, the TA adjustment delay could be the maximum one of the TA adjustment delays for the TTIs from different serving cells.

3 Conclusion

This paper provides analysis on the TA adjustment delay on shortened TTI for both single carrier and CA case. The following proposals are proposed: 
Proposal #1: The following TA adjustment delays for short TTI are proposed:
	sTTI/processing time reduction scheme
	TA adjustment delay
	Units

	1ms TTI
	n+5 (agreed value)
	Subframe

	1 slot TTI
	n+8
	Slot

	2OS TTI
	[n+X] (X is TBD by RAN1)
	Symbol


Proposal 2: Under the CA case, the TA adjustment delay could be the maximum one of the TA adjustment delay for the TTIs from different serving cells.
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